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ABSTRACT 1 
Corrosion of metal pipes used as culverts is a problem that affect many agencies directly 2 
involved in designing and maintaining these culverts. The corrosive environment of soil types 3 
found in a region could vary in a significant way (mildly corrosive to extremely corrosive) based 4 
on soil characteristics. Environmental conditions such as high water table, acidity and presence 5 
of various salts could make a soil corrosive to metal pipes. In this article, authors have applied a 6 
methodology of processing readily available soil data such as spatial distribution of soil types 7 
and soil characteristics (e.g. pH and conductivity) in delineating spatial corrosion zones in 8 
Coastal Louisiana. A combination of data, obtained from field surveys provided by the Louisiana 9 
Department of Transportation & Development and the Web Soil Survey Data provided by 10 
Natural Resources Conservation Service, were used to create an interpolated surface representing 11 
zones corrosive to metal culverts. The corrosion zones are classified based on expected service 12 
life spans of these culverts. The soil characteristics were incorporated in to previously 13 
established corrosion models to assess expected service life of metal culverts. Results suggest 14 
that about 80% area of the Coastal Louisiana is either highly corrosive or extremely corrosive 15 





Keywords: Metal culverts; corrosion zones; soil pH; soil resistivity; coastal region; GIS 21 
22 
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INTRODUCTION 1 
The corrosive nature of the soil in some coastal regions has led to local governing bodies and 2 
some state agencies having projects within those regions to set a policy of prohibiting the use of 3 
metal culverts. For example, environmental conditions have led to a policy of disallowing the use 4 
of metal pipes for new drainage installations in Louisiana Department of Transportation and 5 
Development (DOTD) District 02, a mostly coastal region including New Orleans. Portions of 6 
other southern DOTD districts have similar environmental conditions. It is expected that other 7 
districts may have some parts which would not be suitable for metal culverts based on expected 8 
life under corrosive soil conditions. However, having access to a map that delineates corrosive 9 
nature of soil in the region would help DOTD in making a decision during planning and 10 
designing phase of such culverts. 11 
Concrete pipes are less susceptible to corrosion but the initial capital investment is more 12 
than corrugated metal pipes. Metal pipes require a lower initial capital investment, however, in 13 
corrosive soil conditions they corrode faster, and will not retain their mechanical properties 14 
needed to serve the design purpose. Thus, they will need to be changed often. This results in 15 
increased overall cost in long term. 16 
Detailed on-site soil investigation is one way to determine the best material for the pipes 17 
to be used for culverts. This type soil investigation, usually, is done during the implementation 18 
phase. However, it is common to skip this kind of investigation and analysis. The corrosive 19 
nature of environmental conditions generally tends to decrease as one moves deeper in-land and 20 
away from coastal areas. The delineation of such areas where corrosive soil effect is not strong 21 
enough allows these agencies to permit the use of metal pipes and reduce overall cost. A 22 
corrosion map will provide combined corrosive effect of some of the main soil characteristics. It 23 
will be an essential tool to have access to during planning phase. Also, it will ensure better 24 
selection of economical and durable materials for drain pipes based on environmental conditions. 25 
The combined effect of soil types and environmental conditions such as pH and 26 
conductivity (resistivity) needs to be analyzed for one to make a decision to use a metal pipe. 27 
However, when it comes to these in-land locations, often it is not easily known to field engineers 28 
and designers how a metal pipe will respond to specific local soil types, soil characteristics and 29 
the environmental conditions. This project focuses on an approach that uses spatial distribution 30 
of soil types and soil characteristics (e.g. pH and conductivity) in identifying zones where use of 31 
metal pipes is not advised as they will be susceptible to corrosion. The conductivity and 32 
resistivity are used together in this report multiple times. They are two different parameters. In 33 
fact, they are inverse of each other (conductivity = 1/resistivity). This means, a soil which has 34 
high conductivity will have low resistivity. Alternately, a soil which has high resistivity value 35 
will have low conductivity value. Some government agencies use conductivity as standard 36 
parameter while other use resistivity to measure same aspect of the soil samples. The DOTD uses 37 
resistivity while Natural Resources Conservation Service (NRCS) of United States Department 38 
of Agriculture (USDA) uses conductivity. 39 
Geographic information system (GIS) programs such as ArcGIS can provide 40 
understanding and prediction of the spatial distribution of corrosive environments through means 41 
of spatial and geostatistical interpolation. ArcGIS makes use of many interpolation methods that 42 
provide means for both the categorizing and quantifying of spatial data. Many of these 43 
interpolation techniques are used for analyzing varying datasets from various fields ranging from 44 
the agriculture to meteorology. The use of GIS is shaping the decision making across numerous 45 
fields at all scales. This project is focused on providing a mechanism of creating corrosion zones 46 
by utilizing ArcGIS and soil properties as mentioned previously. 47 
TRB 2018 Annual Meeting Original paper submittal - not revised by author.
Tewari, Manning   4 
 
LITERATURE REVIEW 1 
Ambler and Bain (1) studied corrosion of metals under various conditions of atmospheric 2 
humidity and salinity. The rate of corrosion of ferrous metals was found to vary little between 3 
wet and dry seasons or between day and night. The corrosion of ferrous metals and zinc was 4 
proportional to the rate of deposit of salt on a damp textile surface. The corrosion of steel in 5 
tropical tidal waters was found to be twice as in continuous immersion, and in the former case 6 
can be as high as 12 g/dm squared/month. 7 
FitzPatrick and Ayres (2) developed experimental corrosion probes to continuously 8 
measure seawater galvanic and crevice corrosion. The probes were evaluated in three saline 9 
water environments at high temperature and salinities up to 20%. Kim and Jang (3) studied 10 
corrosion characteristics of steel in seawater containing various chloride concentrations using 11 
electrochemical method because of strong corrosive nature of salt water and elevated biological 12 
activity. Melchers (4) presented recent progress on modeling of corrosion of structural steel 13 
immersed in seawaters. It was suggested that seawater temperature has an important influence on 14 
the rate of early corrosion and also has longer-term effects not predicted by short-term 15 
observations. Also, the influence on corrosion of small changes in metal composition and in 16 
water velocity, salinity, and pollution were described. 17 
Trivedi et al. (5) studied the effects of water salinity, dissolved compounds, dissolved 18 
oxygen, temperature, and relative velocity, on the corrosion of steel because of saline and 19 
seawater. The experimentation consisted of mild steel corrosion and its inhibition in saline water 20 
through the use of sodium benzoate, sodium hexametaphosphate, sodium nitrate and sodium 21 
sulfide. The effect of pH on the sulfide solution was also investigated. Among the inhibitors 22 
studied, sodium hexametaphosphate was found to be the most effective. Melchers (6) 23 
investigated the influence of environmental factors on the early corrosion of steel in coastal 24 
seawater. Overall corrosion rates for the six months were found to be in the range 150-300 25 
micrometers/year. Seasonal factors such as rainfall appeared to have a significant influence on 26 
the corrosion behavior. Corrosion rates were found to increase with salinity, dissolved oxygen 27 
and water velocity but reduced with increasing biofouling. 28 
Temple et al. (7) evaluated the drainage pipe by field experimentation and supplemental 29 
laboratory experimentation in context of Louisiana soils. There were a total of eleven test sites 30 
that were chosen to evaluate the effect of corrosive soil conditions on various metal pipe 31 
culverts. Six years after the installation and in-service exposure, it was found that the asbestos-32 
bonded asphalt-coated, galvanized steel pipe was performing better than the other ten original 33 
types of culverts in resisting the corrosion. The coatings on these pipe culverts were showing the 34 
signs of distress because of environmental conditions. Pitting corrosion was significant on 35 
Aluminum alloy culverts in conditions with pH less than 5 and resistivity less than 1000 ohm-36 
cm. 37 
The soil pH and the effluent pH in water usually differ. The same is true in case of 38 
resistivity measurements. In a not so related study Garber and Smith (8) investigated cathodic 39 
protection of culverts on Louisiana Highways. The cost of such protection in certain cases was 40 
about $25,000. The report presented the evidence that most of the culverts showed corrosion 41 
damage (internal as well as external) in first few years of in-service operations. The soil pH and 42 
the resistivity values were the main driving environmental conditions affecting corrosion. Hock 43 
et al. (9) published a report for US Army Corps of Engineers on corrosion mitigation and 44 
material selection in a severely corrosive environment. This report provides soil resistivity 45 
ranges and their corresponding corrosivity ratings. The resistivity values between 0-2000 ohm-46 
cm are classified as “severe”, 2000-10,000 ohm-cm are as “severe to moderate”, 10,000-30,000 47 
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ohm-cm as “mild” and the soil resistivity values more than 30,000 ohm-cm were classified as 1 
“not likely”. 2 
Doyle (10) investigated the role of soil in external corrosion of cast-iron water mains in 3 
his thesis. The thesis suggests that when corrosion is electrochemical in origin, soil resistivity 4 
plays a major factor in determining the corrosion rate. The lower is the resistivity of the soil, the 5 
higher the corrosion rate. In the results and discussion section the pH ranges of various soil types 6 
found in North America are provided. Additionally, the thesis also provides various charts 7 
showing the nature of the relationship between soil resistivity and maximum external pitting 8 
corrosion rates. Molinas and Mommandi (11) published a report on development of new 9 
corrosion and abrasion guidelines for selection of culvert pipe materials for the Colorado 10 
Department of Transportation. The report presents California Department of Transportation 11 
method for estimating service life based on evaluation of pH, sulfate-ion concentration and 12 
chloride-ion concentration in the soil and/or water environment for metal culverts (as presented 13 
in Figure 1). The test method is numbered 643-C and is dated 1972.  14 
 15 
 16 
FIGURE 1 Corrosion Model Adopted for Generation of Spatial Corrosion Zones (11) 17 
 18 
Other publications (12-15) were also referred for understanding the relationship between 19 
metal culverts and their service life. One of these publications titled “Service Life of Culverts – 20 
A Synthesis of Highway Practice”, Synthesis 474 by Transportation Research Board and 21 
National Cooperative Highway Research Program was particularly useful as it provides 22 
relationship between resistivity and corrosion potential without any consideration of pH. In 23 
addition to this, it also provides typical resistivity values of various soil and water types and 24 
typical corrosion potential of various soil types. It provides soil and water characterization based 25 
on their respective resistivity values that were taken in to consideration in this project. A 26 
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summary of above mentioned information on soil corrosivity types and their descritptions based 1 
on water drainage/table is provided below (Table 1). 2 
 3 
TABLE 1 Summary of Relationship of Water Levels and Soil Types and Resistivity Values 4 
for Corrosion Potential 5 
 6 
Since most of the efforts in this project were focused on processing and interpolating the 7 
collected data from NRCS and DOTD, appropriate selection of interpolation method was vital 8 
for meaningful results. There are methods which are better suited to certain dataset types, scales, 9 
and sizes. A thorough review of individual methods and historical research was conducted. Out 10 
of many available published literature, there were three main publications (two research reports 11 
and one journal article) that were especially reviewed for making a decision on method of 12 
interpolation for this project (16-18). 13 
The focus of accurately predicting the spatial patterns of numerous chemical properties of 14 
soil is the center proposition of “Improving the Prediction Accuracy of Soil Mapping through 15 
Geostatistics”(16). The study area in this case was spread over 50 hectares or 0.2 square miles 16 
with 146 sampling points. The chemical properties of the soil tested were electric conductivity, 17 
pH, and calcium carbonate. The four techniques of interpolation that were used on the three 18 
chemical properties were Universal Kriging (UK), Ordinary Kriging (OK), Inverse Distance 19 
Weighted (IDW), and Spline. The method was geostatistical as oppose to spatial. After running 20 
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the interpolations, a cross validation was performed on each of the predicted surfaces. The mean 1 
error and standard deviation were used to rank the methods. The resulting cross validations 2 
showed that UK had the lowest mean error and standard deviation amongst the methods used. 3 
Zandi et al. (17) shared a similar approach to the interpolation of soil chemical properties. 4 
The study area was much small (approximately 400 meters by 150 meters with 54 sampled 5 
locations). The research was focused on soil pH. The researchers applied three interpolation 6 
methods OK, IDW, and Radial Base Function (RBF). The researchers did not state the method of 7 
interpolation used. The researchers did run the IDW and RBF interpolations multiple times 8 
adjusting the power parameter for their accuracy. The cross validations were performed on the 9 
resulting predicted surfaces. The results of the cross validations revealed the RBF interpolator as 10 
producing the greatest accuracy amongst the three. The RBF works very well over areas that 11 
have gradual value changes which will ideally produce a smooth surface. When there are large 12 
changes in the surface the resulting predictive surface is prone to much higher errors or 13 
uncertainty. In the case of pH measurements, the values of soil pH are confined to a smaller 14 
range. The small range controls the variance of the data which works well with the RBF 15 
interpolator. As the study area is increased the data begins to have greater variance from the 16 
mean center. In this study the area was much smaller than coastal Louisiana which is one reason 17 
why RBF was ruled out. 18 
Childs’ article (18) in ArcUser discusses some of the interpolation techniques. The article 19 
discusses exactly how a spatial surface within the ArcGIS platform works and correlates to 20 
creating predictive surfaces. The article also provides information on the bases of the different 21 
techniques and methods of interpolation. Many of the techniques listed are the core of the 22 
interpolation techniques available now. This assists in establishing how the individual 23 
interpolators work. 24 
 25 
SCOPE AND METHODOLOGY 26 
The study area of this project covered Louisiana Department of Transportation and Development 27 
(LADOTD) districts 02, 03, 07, 61 and 62. The approximate total area of coverage is 21,877 28 
square miles. In this study, the data was sourced from two sources, the DOTD (field surveys) and 29 
the Web Soil Surveys by NRCS which falls under USDA. The DOTD field survey dataset did 30 
not have enough locations to accurately predict the chemical nature of the soil over such a large 31 
area. The pH and conductivity datasets were merged with the NRCS pH and resistivity datasets 32 
respectively, after needed unit conversions and processing so that their combined effect could be 33 
used to calculate spatial corrosion potential based on the model shown in Figure 1. 34 
 35 
The DOTD Data 36 
The District 02 disallowed the use of metal culverts due to the extremely corrosive nature of soil 37 
it and therefore required no field surveys. The DOTD field survey numbers used in this study are 38 
713-32-0108, 713-32-0109, 713-46-0112,713-59-0221, 713-59-0222, 276-03-0016, 848-12-39 
0016, 261-06-0030, 013-11-0026, 713-17-0041, 267-02-0022, 713-19-0109, 713-04-0001,713-40 
59-0053, 713-63-0103, 713-63-0104, 019-30-0016, 019-30-0017, 450-91-0171, 713-27-0110, 41 
713-27-0111, 201-01-0013, 849-02-0014, and 213-06-0008.  42 
The DOTD data came from soil samples collected as a part of field surveys. These field 43 
surveys (available in PDF copies) were accessed for soil pH and resistivity values. This data was 44 
vital for the study as the soil samples were taken from or within proximity of roadways and 45 
highways located in the study area. This dataset, providing valuable albeit smaller number of 46 
reference points (over a hundred), was used for interpolation. However, many of these field 47 
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surveys didn’t have explicit spatial references. A deeper exploration of control segments, log 1 
miles, intersections, bridge numbers, google earth attachments, and field drawings included in 2 
the field surveys were used to determine spatial locations for the pH and resistivity data from 3 
DOTD field surveys. In some cases, either the soil samples were collected at different depths or 4 
multiple samples were collected from various depths from the same locations. This required 5 
weighted average of pH and resistivity values to be used for these locations. 6 
 7 
The NRCS Data 8 
The NRCS data was in polygon format covering the area of individual parishes. The units of 9 
measurement for the NRCS conductivity dataset were originally in decisiemens per meter. 10 
However, the DOTD record this measurement in resistivity (ohm/centimeter) instead of 11 
conductivity. The conversion of units was done for it to be compatible with the DOTD data. The, 12 
“null values” or values of 0 decisiemens/meter were eliminated from the dataset to avoid 13 
mathematical error during conversion to resistivity values. Appropriate conversion factor was 14 
used to convert decisiemen/meter to ohm/centimeter.  15 
The resulting dataset had both resistivity and corresponding conductivity values. No unit 16 
conversion was done for the NRCS pH dataset. The resistivity and pH values from NRCS 17 
datasets were converted to point data to merge with the pH and resistivity values from the DOTD 18 
field surveys. The conversion of data from polygon format to point format did not suit this 19 
project. This conversion replaces a polygon feature representing a large area with a single point 20 
centered within the polygon. Therefore, multiple methods were used to accurately depict the 21 
data. The method displaying the greatest spatial relationship between the two formats was 22 
adopted for the project.  The polygon datasets were first converted to raster to accommodate the 23 
spatial variance of the data. The cell size was set to 25 meters. This value was chosen so that the 24 
spacing in the DOTD field surveys would be considered during the interpolation of the merged 25 
datasets. The raster datasets were then converted to points using the raster to point tool. The 26 
converted datasets consisted of points and their correlating values spaced 25 meter apart for areas 27 
with raster coverage. 28 
Once the four separate points feature classes e.g. DOTD pH, DOTD resistivity, NRCS 29 
pH, NRCS resistivity were created, the two pH datasets and two resistivity datasets were merged.  30 
The merging of the data was performed using the ArcGIS’ geoprocessing merge tool. The 31 
resulting point feature classes were one pH and one resistivity datasets covering the study area 32 
and consisting of a combined 60,540,719 individual points. The same interpolation techniques 33 
were ran on the both merged datasets parameters. The actions that were taken drom accessing the 34 
available data to the finished product are presented in a form of a flow chart (Figure 2). The chart 35 
outlines data sources, data types and types of processing (merging, dissolving, transformation 36 
from one data type to another and cross validation) done in this project. 37 
 38 
DATA INTERPOLATION AND RESULTS 39 
The two different interpolation techniques were used on the merged pH and resistivity datasets. 40 
The first technique used was the Inverse Distance Weighted (IDW) interpolation, a deterministic 41 
method. The IDW assumes that the value of the point decreases in weight or influence as the 42 
distance increases from that point.(16) The default value of the power remained the same as this 43 
method was used only as a comparison tool with the other interpolation technique, the Kriging 44 
Method. The power parameter within the IDW tool controls the weight of individual points, 45 
which can be used to increase the accuracy of the interpolation method.  46 
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 1 
FIGURE 2 Overiew of Data Transformation, Processing, Interpolation and Validation 2 
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The chemical nature of soil is heavily dependent on its immediate area and the variaation 1 
of the local environmental conditions. This means that the soil environment of an area can be 2 
vastly different then the soil environment a short distance away, especially in terms of pH. To 3 
account for this, the weight of the power was decreased so that the weight of individual soil point 4 
data only impacted its immediate spatial environment and had a far less impact as the distance 5 
increased away from the point. The Z value field was set to pH and resistivity values of the 6 
dataset. A mask was set with a shapefile of the study area under the raster analysis tab. The mask 7 
limited the extent of the interpolation within the study area. The processing of both the pH and 8 
resistivity dataset took total time of about six and a half hours with a 64-bit geoprocessing 9 
ArcGIS service. The mean error for this dataset was approximately 0.2 and was checked through 10 
cross-validation of the datasets. 11 
The specific Kriging method that was used in this study was Empirical Bayesian Kriging 12 
(EBK). The EBK is one of several interpolation methods offered in ArcGIS. Kriging techniques 13 
are commonly used in agriculture, soil science and predicting pollution concertation.(17) The 14 
EBK accounts for possible errors introduced during statistical prediction of data. The 15 
interpolation values of predicted areas were allowed to exceed the parameters of the neighboring 16 
measured values. The parameters of the EBK were set with some similarities to the IDW 17 
interpolation. The Z value field was set to the pH and resistivity readings of the datasets. The 18 
data transformation type was left at none due to possible outliners within the data. The 19 
semivariogarm model type was set to power. The data transformation was not needed as there 20 
were no negative values. The mask in raster analysis under the environments was also set to the 21 
same shapefile as the IDW. The mean error for the dataset was less than 0.2. During cross-22 
validation the individual points and their errors are displayed and points with higher errors were 23 
removed. The process took 24-36 hours to interpolate for both datasets. The EBK raster 24 
resistivity and EBK raster pH datasets are presented in Figure 3. 25 
The resulting four raster datasets (pH IDW, resistivity IDW, pH EBK, and resistivity 26 
EBK) were further refined by removing values associated with areas of various water bodies. 27 
The shapefile that provided the mask for the interpolation were generated by Erase Feature using 28 
a Louisiana Tiger water body dataset. That shapefile was then used to run an extract by mask on 29 
all four datasets. This extracts the areas of the raster outside the waterbodies present in the study 30 
area omitting the results that fell within waterbodies. 31 
The pH and resistivity values at this stage of the project were in a raster format and were 32 
converted to polygon format so both datasets could be combined displaying intersecting spatial 33 
values. The data needed again to be formatted due to the difference in the data type between the 34 
datasets. The raster datasets that resulted from the IDW techniques were in integer types, which 35 
was converted from raster to polygon using the Raster to Polygon tool in the Conversion toolset. 36 
The pH and resistivity raster datasets, the outcomes of the EBK technique, were in float types 37 
and had to be converted into the integer type. The resistivity raster which had no decimal values 38 
was converted using the Int tool within the Math toolset. This tool converts values that are not 39 
integers into integers. The dataset was then converted to polygon using the Raster to Polygon 40 
tool. The pH raster which had decimal values was converted in a different manner. The dataset 41 
was multiplied by 10000 to eliminate the values that were within the decimal places. The Int tool 42 
was then used to convert the values for float type to integer type. The dataset was converted to 43 
polygon using the raster to polygon tool. The polygon values for pH then had to be converted 44 
back which was done by using the field calculator made available in the attribute table menu. 45 
The pH values which were multiplied by 10000 had to be divided by 10000. 46 
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 1 
FIGURE 3 Study Area of Coastal Louisiana with Five DOTD Districts (Top); Calculated 2 
EBK Raster Resistivity (Middle); Calculated EBK Raster Ph Values (Bottom) For the 3 
Study Area 4 
 5 
The two separate interpolation datasets were then unionized so that pH and resistivity 6 
values could be combined spatially representing combined effect of a likelihood of metal 7 
corrosion. The union computed a geometric union of the input features. All features and their 8 
attributes were written to the output feature class. All input feature classes or feature layers were 9 
polygons. The output feature class contained polygons representing the geometric union of all 10 
the inputs as well as all the fields from all the input feature classes. When polygon pH input 11 
feature and polygon resistivity feature are unionized, the output feature was a polygon but had 12 
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both pH and resistivity assigned spatially. It was required as locations within the project area 1 
were evaluated for the combined corrosive effect of pH and resistivity. 2 
The combined corrosive effect of pH and resistivity was calculated based on the 3 
published model that combined soil pH and conductivity (resistivity) to occurrence of corrosion. 4 
This was done by running dissolves on the four datasets based on the pH and resistivity values. 5 
The EBK and IDW datasets were then unionized so that the new polygon data represented 6 
boundary areas of shared values between pH and resistivity. The refinement of the attribute 7 
tables was the most time-consuming part of the research. The attribute values had to be 8 
categorized based on life span of metal culvert and corrosive nature of the soil. The Colorado 9 
Department of Transportation (CDOT) study on determining the lifespan of metal pipes and 10 
Louisiana DOTD study on drainage pipes were reffered for determining the values of the final 11 
symbolization of the data. The attribute tables of the EBK and IDW union datasets were 12 
modified by adding two columns, one for determining average pipe life span and the other for 13 
determining the corrosive value of the soil. Table 2 shows how combined values of pH and 14 
resistivity values are used to determine corrosion potential of soil following the corrosion model. 15 
  16 
TABLE 2 Combined Corrosion Attribute Values of pH and Resistivity (Up To 100,000 17 
Ohm-Cm) For Expected Average Life of Metal Pipes 18 
EC - Extremely Corrosive (0-20 Years), HC - Highly Corrosive (20-40 Years), C - Corrosive (40-19 
60 Years) and MC – Mildly Corrosive (60-80 Years) 20 
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The table compares the attribute values of pH (3-7.3 and beyond) and resistivity (10-1400 1 
ohm-cm) for average life of 0-20 years thus classifying the zone as Extremely Corrosive (EC). 2 
Similar deductions were made for different pH values over resistivity values up to 100,000 ohm-3 
cm. In cases, where, either pH or resistivity values were not available after interpolation, the 4 
appropriate zone was assigned based on either pH or resistivity. The analysis resulted into four 5 
corrosion zones. These zones correspond to expected life of metal pipes under field conditions 6 
(soil pH and resistivity) and are defined as mildly corrosive for 60-80 years, corrosive for 40-60 7 
years, highly corrosive for 20-40 years and extremely corrosive for 0-20 years. The resulting 8 
corrosion map for the whole Coastal Louisiana is shown in Figure 4. 9 
 10 
FIGURE 4 Corrosion Zones in Coastal Louisiana 11 
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LIFE CYCLE COST ANALYSIS 1 
Selecting pipe materials best suited for a culvert replacement is of primary importance to a 2 
design engineer. The selection is based on hydraulic efficiency, structural integrity, durability and 3 
cost. The selection of pipe material is too often based on the initial (low) cost. However, the pipe 4 
material with the lowest initial cost may not be the most economical selection for the design life 5 
of the project. In many instances, transportation authorities are having to repair and replace (or 6 
part of) a culvert with low initial cost before it could serve its designed life because of premature 7 
degradation induced by environmental parameters. This results in higher costs to maintain these 8 
culverts in long terms. The life-cycle cost analysis (LCCA) and selection of culvert pipe material 9 
on the basis of minimizing the cost makes good sense. Thus an analysis for the least (life-cycle) 10 
cost for road and drainage projects must be done. 11 
Local and state governments have increasingly included some type of analysis in their 12 
material selection process. LCCA’s value as a decision-support tool is contingent upon its proper 13 
use. While the economic concepts that support this type of analysis are fairly straightforward, 14 
their application presents a number of challenges. It should be noted that a LCCA, if done 15 
without considering critical factors, may not provide accurate and meaningful understanding of 16 
the life-cycle cost. 17 
In this simple and straight forward LCCA the effect of soil conditions on pipe material is 18 
the single most important factor that is considered in the analysis. In addition to durability of 19 
culverts, the cost associated with installation, maintenance and replacement is also considered. It 20 
is assumed that, standard designed life of a metal culvert pipe is valid only in mildly corrosive 21 
soil environment. A combination of field environmental and soil conditions may create more 22 
corrosive conditions to pipe material and expedite its degradation at higher rate than it was 23 
expected. This project investigated such conditions that are present in coastal Louisiana and 24 
delineated them in corrosion maps. From the data and corresponding maps it is clearly evident 25 
that in extremely corrosive and highly corrosive zones metal pipes may not be ideal choice as 26 
they will not be able to serve their full designed life. In many cases they will not be able to serve 27 
even half of their designed life, requiring costly maintenance and replacement. 28 
 29 
CONCLUSIONS 30 
The total percentage area of Extremely Corrosive Zone and Highly Corrosive Zone in the five 31 
studied DOTD districts is 80% of the total area. This means that the expected service life of 32 
metal pipes is equal or less than 40 years in about 80% of the study area in the coastal Louisiana. 33 
Conversely, only about 20% area provides expected service of metal pipes more than 40 years. 34 
There is a little bit less than 5% area in the study area that provides expected service life of metal 35 
pipes between 60 to 80 years. 36 
The results of this study indicate that the most of the soil environment is corrosive in 37 
nature to metal culverts in coastal Louisiana. However, there are exceptions to this, the greater 38 
Baton Rouge area and the Atchafalaya River Basin. The data shows that the corrosive nature of 39 
about 80% area of the coastal region is not ideal for metal pipes as the expected service life is 40 
less than 40 years. There is about15% of the area, as shown in Figure-6, where metal pipes are 41 
expected to have service life between 40 to 60 years. There is even smaller percentage (less than 42 
5%) of area where expected life of metal culverts is between 60 to 80 years. 43 
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